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Abstract. The ability to use digital technologies to live, work and learn in
today’s knowledge-based society is considered to be an essential competence. In
schools, digital technologies such as smart devices offer new possibilities to
improve student learning, but research is still needed to explain how to effec-
tively apply them. In this paper we developed an instrument to investigate the
digital competences of students based on constructs from the DIGCOMP
framework and in the contexts of learning science and mathematics in school
and outside of school. Pilot testing results of 173 students from the 6th and 9th

grades (M = 12.7 and 15.7 years of age, respectively) were analyzed to remove
unnecessary items from the instrument. The pilot study also showed preliminary
smart device usage patterns that require confirmation by a large-scale study.
Digitally competent use of smart devices may help facilitate widespread use of
computer-based resources in science education.

Keywords: Digital competence �Mobile learning � Use of smart devices � ICT
in education

1 Introduction

The ability to use digital technologies to live, work and learn in today’s knowledge-based
society is considered to be so essential that in 2006 the European Parliament and Council
specifically acknowledged digital competence as one of eight key competences necessary
for personal fulfilment, active citizenship, social cohesion and employability [1]. More
recently, a report commissioned by the European Commission entitled DIGCOMP: A
Framework for Developing and Understanding Digital Competence in Europe identified
21 digital competences and grouped them into 5 areas: Information, Communication,
Content Creation, Safety and Problem Solving [2]. The DIGCOMP framework was
developed based on a review of the literature on the concept of digital competence [3], an
analysis of 15 different case-studies [4] and consultations with 95 experts [5]. In the
context of the DIGCOMP framework the term ‘digital competence’ is defined to be a set
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of knowledge, skills and attitudes needed by citizens to use ICT to achieve goals related
to work, employability, learning, leisure, inclusion and/or participation in society [2].

In Estonia the DIGCOMP framework was used as a basis for introducing a new
general competence (digital competence) into the national curriculum in August 2014.
This general competency requirement defines digital competence as:

the ability to use new digital technology to cope in a rapidly changing society when
studying, acting and communicating as a citizen; to find and store information through
digital tools and judge its relevance and credibility; to participate in digital content
creation, including making and using text, pictures and multimedia; to use digital tools
and strategies to solve problems; to interact and collaborate in digital environments;
to be aware of risks and protect one’s privacy, personal information and digital
identity in online environments; to abide by the same morals and values in online
environments as in everyday life [6].

Now that education policy in Estonia explicitly expects schools to play a major role
in developing students’ digital competence [7], there is a need to understand digital
competence as it is defined in the national curriculum and study how it informs
teaching and learning. Since the DIGCOMP framework served as the basis for defining
digital competence in the Estonian national curriculum it is important to investigate
how that framework can be practically applied in schools to develop the various digital
competences listed in the curriculum requirements. At a practical level the suitability of
the DIGCOMP framework for school-age students has not been established. The
framework describes individual competences using analogous terms (e.g., I can browse
for, search for and filter information online) that may be perceived by some to actually
address separate competences. Unlike survey items about digital skills found in the
Eurostat Community Survey on ICT Usage in Households and by Individuals [8],
which asks respondents whether they perform specific activities (e.g., Do you use the
Internet to read online news sites?), the DIGCOMP self-assessment items tend to be
more abstract (e.g., I can browse the Internet for information; I can search for
information online). Therefore, there is a need to study whether the relatively abstract
terms used to describe digital competences in the DIGCOMP framework are under-
stood in a consistent manner by school-age students.

Especially important nowadays is to engage young people in science and mathe-
matics. These subjects are fundamental for building the next generation of innovators
in today’s technology-driven economy. However, studies show that students in Europe
[9], including Estonia [10], have low motivation towards learning science and math-
ematics. A potential solution is to seize upon the interest young people show with smart
devices (smartphones, tablet computers) and integrate new pedagogies such as BYOD
(Bring Your Own Device) in the science and mathematics classroom [11].
Computer-based science resources, such as those found in the online learning envi-
ronment Go-Lab [12], offer opportunities for students to learn science through per-
sonalized experiments and apply a scientific inquiry methodology using their
smartphone or a tablet. Initial results of implementing Go-Lab science scenarios on
Wi-Fi enabled tablets have shown positive results with 15-year-old students [13].
Further uptake of Go-Lab resources for large-scale use in education can benefit from a
better understanding of the digital competence of today’s students. There is still a lack
of research about the use of smart devices by students to learn science and mathematics
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[14]. The instrument developed in this study is a first step towards collecting accurate
data about the use of smart devices by students and provides data to make preliminary
inferences about the digitally competent use of smart devices by students to learn
science and mathematics.

2 Method

The instrument in this study aimed to collect data from school-age students about their
use of smart devices and their digitally competent use of smart devices to learn science
and mathematics. It adopts some useful layout formats and scales from the survey
instrument used by PISA to investigate use of ICT by students [15], and similarly uses
a self-report questionnaire to collect data about how often students perform certain
activities in specific contexts. The activities in this instrument are related directly to the
digital competences described in the DIGCOMP framework. The contexts include in
school and outside of school learning, as well as a context to measure use of smart
devices for activities not related to school learning.

2.1 Designing and Developing the Instrument

The DIGCOMP framework [2] was examined closely to determine which constructs
related to digital competence to study. The DIGCOMP framework identifies five main
areas of digital competence (Information, Communication, Content Creation, Safety and
Problem-Solving) which are interpreted in this study as our main constructs. The
21 individual digital competences in the DIGCOMP framework are then taken to be
subscales of these main constructs. Selection of which digital competences to include in
the instrument was influenced by our choice to employ a self-report questionnaire.
Maderick et al. [16] concluded that self-assessment of digital competences that can be
otherwise assessed through criterion-referenced tests are not accurate or valid. They
reported that participants in their study (preservice teachers) overestimated their digital
competence through self-assessment [16]. We decided that the constructs Safety and
Problem-Solving can be better assessed by tests and therefore excluded these two main
constructs from this instrument. Likewise, 6 of the 13 subscales in the remaining three
main constructs were also judged to be more appropriately measured by assessing actual
performance on a task rather than with a self-report usage survey. These subscales were
likewise excluded. The remaining 7 digital competences included in this instrument
were: browsing, searching and filtering information; storing and retrieving information;
interacting through technologies; sharing information and content; collaborating
through digital channels; developing content; and integrating and re-elaborating.

Definitions given in the DIGCOMP framework for each of the 7 digital competences
under consideration appear to include similar and perhaps redundant terminology. For
example, the digital competence Browsing, searching and filtering information is
described to be “To access and search for online information, to articulate information
needs, to find relevant information, to select resources effectively, to navigate between
online sources, to create personal information strategies.” [2, p. 17].Within that definition
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there are 6 separate clauses and even the title of the digital competence includes three
similar terms (browsing, searching and filtering). Hence, to create items for our instru-
ment based on the 7 selected digital competences we decided to write three versions of
each digital competence and test them in a pilot study. The three variations were gen-
erated by looking at the terms used in the DIGCOMP definition and choosing those
believed to be most readily understood by our target audience (school-age students).
Table 1 gives an overview of the instrument items that were developed. The item order
was chosen such that each version of a digital competence is asked once before asking
alternative versions of the same digital competence.

The question format and frequency scale for presenting the item in our instrument
are similar to the survey instrument used by PISA to investigate use of ICT by students
[15]. However, an important difference is that we were interested in studying how often
a student performs a certain activity in four differing contexts. These contexts not only
give information about the use of smart devices in school, where current teaching
practice may not yet apply such digital technology to a wide extent, but also on the use
of smart devices outside of school where usage may be more prevalent. The four
differing contexts are: (1) at school for tasks assigned by a science or mathematics
teacher, (2) outside of school for tasks assigned by a science or mathematics teacher
(e.g., homework), (3) outside of school for learning additional science or mathematics
information not required by a teacher, and (4) outside of school for activities not related
to school learning. These four contexts describe possible ways students are currently
using smart devices. Table 2 summarizes the structure of the instrument and shows
how a question about a single digital competence item is presented in a matrix layout
for the four differing contexts.

2.2 Implementing the Instrument

Considering the age of our target audience, the need to maintain their interest in
completing the questionnaire, our desire to record analytics data such as time spent per
question, our need for flexible styling and formatting options of content and a solution
that would be scalable for large numbers of respondents, it was decided that the
instrument should be administered electronically on tablet computers. In addition,
electronic administration of the instrument needed to work offline to ensure that
locations with poor or no Wi-Fi coverage would still permit data collection. Given all
the needs of this instrument we proceeded to create the technical solution ourselves.

The technical solution for administering the instrument on tablet computers is based
on saving an HTML file to a tablet computer’s internal memory and running the file
locally in the tablet’s web browser. The HTML file was created using the hypertext
markup language to define the layout and style of the instrument and the JavaScript
programming language to add interactivity to the instrument.

Figure 1 shows how the instrument appears on both iPad and Android tablets. The
interactive functionality in the HTML file included forward and backward buttons to
navigate between different items, checks to ensure only one response to single-choice
questions, checks for nonresponse and an alert message to a respondent that they cannot
continue until all questions are answered, calculation of a unique timestamp when a
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Table 1. Development of instrument items corresponding to 7 digital competences (construct
subscales) found in the DIGCOMP framework and grouped under three areas of digital
competence (i.e. main constructs in this instrument).

Main construct Construct
subscales

Instrument items (item number in parentheses)
Version 1 Version 2 Version 3

Information Browsing,
searching and
filtering
information

(1) I use a smart
device to
browse the
Internet and
find
information
…

(8) I use a smart
device to
search the
Internet for
information
…

(15) I use a
smart device
to search and
find
information
on the Internet
…

Storing and
retrieving
information

(2) I use a smart
device to save
files and
content (e.g.,
texts, pictures,
music, videos,
or web pages)
…

(9) I use a smart
device to store
files and
content for
later retrieval
(e.g., texts,
pictures,
music, videos,
and web
pages) …

(16) I use a
smart device
to organize
digital files
and content
(e.g., texts,
pictures,
music, videos,
and web
pages) …

Communication Interacting
through
technologies

(3) I use a smart
device to
communicate
with others …

(10) I use a
smart device
to chat online
…

(17) I use a
smart device
to
communicate
with others
using online
social
networks …

Sharing
information
and content

(4) I use a smart
device to
share web
links with
others …

(11) I use a
smart device
to send files
via email
attachments
…

(18) I use a
smart device
to upload
digital files
and share
them with
others …

Collaborating
through
digital
channels

(5) I use a smart
device to
participate in
group work
…

(12) I use a
smart device
to collaborate
with others …

(19) I use a
smart device
to contribute
to the
outcome of
group work
…

Content
creation

Developing
content

(6) I use a smart
device to
create digital
files and
content (e.g.,
texts,
presentations,

(13) I use a
smart device
to edit my
own digital
content (e.g.,
texts,
presentations,

(20) I use a
smart device
to improve
my own
digital content
(e.g., texts,
presentations,

(Continued)
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Table 1. (Continued)

Main construct Construct
subscales

Instrument items (item number in parentheses)
Version 1 Version 2 Version 3

pictures,
audio, video)
…

pictures,
audio, video)
…

pictures,
audio, video)
…

Integrating and
re-elaborating

(7) I use a smart
device to
modify the
digital content
of others (e.g.,
texts,
presentations,
pictures,
audio, video)
…

(14) I use a
smart device
to refine the
digital content
of others (e.g.,
texts,
presentations,
pictures,
audio, video)
…

(21) I use a
smart device
to improve the
digital content
of others (e.g.,
texts,
presentations,
pictures,
audio, video)
…

Table 2. Format and layout of a single question in the instrument. The question corresponds to a
single digital competence item and respondents answer for four differing contexts.

The question is first structured in a form that asks about frequency of smart device use in
various contexts that are found in the below matrix.

How often do you use a smart device to [insert digital competence item here] in the following
situations?
The question is rephrased in
the 1st person and ellipses
used to connect the question
to the four differing contexts.

I use a smart device to [insert
digital competence item here] …

A 5-point frequency scale
Never or
hardly
ever

Once or
twice
a
month

Once or
twice
a
week

Almost
every
day

Every
day

The four differing contexts are
presented to respondents.

(a) … at school for tasks
assigned by my science or
mathematics teacher.

○ ○ ○ ○ ○

(b)… outside of school for tasks
assigned by my science or
mathematics teacher (e.g.,
homework)

○ ○ ○ ○ ○

(c) … outside of school for
learning additional science or
mathematics information not
required by my teacher.

○ ○ ○ ○ ○

(d) … outside of school for
activities not related to school
learning.

○ ○ ○ ○ ○
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respondent selects their first response, and calculation of the time spent per question.
A submit button at the end of the instrument was also created and when pressed saved all
the data into a format that could be easily read by a spreadsheet application for data
analysis. Another HTML file was used to upload (when it was possible to establish a
Wi-Fi Internet connection with the tablet) all the data (multiple respondent data may
have been collected on a single tablet) to an online spreadsheet file.

2.3 Pilot Study

A pilot study was organized to test the instrument with the target audience and gather
data to improve the reliability, practicality and conciseness of the instrument. Recall
that three potentially redundant items were created for each digital competence con-
struct (see Table 1). Statistical analysis and feedback from the pilot study suggested
shortening the instrument via removal of unnecessary items.

A total of 173 students from the 6th and 9th grades (12.7 and 15.7 years of age,
respectively) from 2 urban and 2 rural schools participated in the pilot study.

The instrument was completed voluntarily by students who had returned an
informed consent form (the form required parental approval for participation and was
distributed at least one week before administration of the instrument). Two trained
university students familiar with the questionnaire traveled to schools on separate
occasions to administer the instrument. They were available to answer questions about
the instrument from students.

3 Results

The results of data collection from the pilot study were analyzed and used to remove
ineffective items from the instrument. Analysis of the pilot study data also revealed
some interesting preliminary usage patterns of smart devices by students.

Fig. 1. Appearance of the instrument on iPad and Android tablets. The instrument allows us to
gather responses offline, store the data locally and at a later time upload the data to an online
spreadsheet file.
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3.1 Time Spent Per Item

Included in the data collection was analytics dealing with the time spent per item. Since
each item appeared separately on the tablet screen it was possible to record the time
spent completing that particular item. Figure 2 shows the average time spent per item
(in seconds) for each of the 21 items. The figure distinguishes between 6th and 9th grade
students. It can be seen that in the beginning there is a learning curve to get familiar
with the questionnaire structure and format. After the first few questions the students in
general answer subsequent items more quickly. One concern of the instrument was
response burden. However, we see that even by the end of the questionnaire the
average time spent per item remains above 10 s. Thus, it does not appear that students
get tired or start rapidly making responses on the final items.

It should be noted that before students began answering these items related to digital
competences there was a section asking them to enter data about their background
(name, age, gender, grades, etc.) and a section about availability of smart devices. These
sections together took 6th graders an average time of 3.34 min to complete and 9th

graders an average time of 2.95 min to complete.

3.2 Final Version of the Instrument

Two stages of analysis were used to remove ineffective items from the instrument. The
first stage relied on calculating internal consistency using Cronbach’s alpha correlation
coefficient. The items were grouped under the three main constructs (see Table 1) and
analyzed to see if their removal improves the internal consistency (reliability) of the
instrument. Items 1, 2, 3, 6, 12, 13, 16, and 18 showed an increase in Cronbach’s alpha
correlation coefficient in at least one of the four contexts studied. All of items that
showed an increase in Cronbach’s alpha were removed except for item 6. Unlike the
other items, the frequency distribution for item 6 showed a greater number of ‘every
day’ responses compared to its two alternative versions. It also showed the least
number of ‘never or hardly ever’ responses compared to its alternatives. This suggested
that students better understand item 6 and were able to answer that they performed the
activity more often, in contrast to the alternate item versions where confusion may have
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prevented students from answering that they performed the activity as often as their
responses to item 6.

After the first stage of item removal there remained 3 items in the Information
construct, 6 items in the Communication construct, and 5 items in the Content Creation
construct. It was decided to perform another stage of item removal with the aim of

Table 3. Pilot study results of items selected to be in the final version of the instrument and
organized according to main construct, context* and grade level.

Main Construct Context Grade Frequency of use

Information

(average results of items 
8, 9 and 15)

(a)
6th

9th

(b)
6th

9th

(c)
6th

9th

(d)
6th

9th

Communication

(average results of items 
4, 5, 10 and 17)

(a)
6th

9th

(b)
6th

9th

(c)
6th

9th

(d)
6th

9th

Content Creation

(average results of items 
6, 7, 20 and 21)

(a)
6th

9th

(b)
6th

9th

(c)
6th

9th

(d)
6th

9th

Never or hardly ever Once or twice a mont

Once or twice a week Almost every day

Every day

0 20 40 60 80 100

Percentage (%)

0 20 40 60 80 100

Percentage (%)

0 20 40 60 80 100

Percentage (%)

*Note. Contexts in the above table refer to: (a) at school for tasks assigned by a science or
mathematics teacher, (b) outside of school for tasks assigned by a science or mathematics
teacher (e.g., homework), (c) outside of school for learning additional science or mathematics
information not required by a teacher, and (d) outside of school for activities not related to
school learning).
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obtaining 3 to 4 items in each construct. For the second stage of item removal it was
also decided that there must be at least one item representing each of the 7 digital
competences in the instrument. The second stage of item removal relied in part at
looking at levels of skewness in the distribution of responses to the items as well as on
consideration of item wording. Two researchers compared the remaining items using
this criterion and concluded that items 11, 14 and 19 should be removed. Thus, the final
instrument was reduced from 21 items to 11 items. Each of the of 7 digital competences
measured by our final instrument is represented by at least one item: browsing,
searching and filtering information (items 8 and 15); storing and retrieving information
(item 9); interacting through technologies (items 10 and 17); sharing information and
content (item 4); collaborating through digital channels (item 5); developing content
(items 6 and 20); and integrating and re-elaborating (items 7 and 21).

3.3 Smart Device Usage Patterns of 6th and 9th Grade Students

Although space limitations prevent a detailed presentation and discussion of the pilot
study results, some preliminary patterns are apparent. Table 3 presents the pilot study
results categorized by main construct, context and student grade level. It can be seen
that use of smart devices outside of school for purposes other than school learning
result in the highest frequency responses. Also, it is evident that use of smart devices
for Content Creation is considerably less than use of smart devices for Information or
for Communication. These results begin to show that the developed instrument is
useful for extracting usage patterns of students’ smart device use. More detailed
analysis with a larger representative sample size is needed to make generalizable
conclusions as well as to indicate which background characteristics of students can
explain the smart device usage patterns.

4 Discussion

Applying this instrument on a large scale in schools is expected to give us an overview
of the current situation of how students use smart devices and provide data to assess the
digital competence of primary and secondary school students. It is important to keep in
mind that this initial instrument is based on a self-report survey. Research shows that the
accuracy of self-evaluation instruments cannot always be assumed because students
tend to be overconfident in rating their skills [17]. It is also important to note that some
of the digital competences might not be assessed with high validity in self-report tests
[16]. For this reason we did not focus in our study on assessing two competence areas of
the DIGCOMP framework, namely the areas of Safety and Problem Solving. Interna-
tional assessments of computer and information literacy, such as ICILS [18], use
computer-based interactive tasks to assess how well students can solve problems. In
order to ensure that students can solve problems with ICT or problems in using ICT they
actually need to face these problems and come up with solutions. The solutions they
present should then be evaluated (how appropriate the solution is and how fast was it
obtained). For the same reason, it is not reasonable to ask if a student is able to use his or
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her smart device safely or can avoid safety issues like viruses. It is something that needs
actual testing or observation of students’ behavior in action. The tests and/or observa-
tions are also needed to increase the validity of self-report surveys in the competence
areas of Information, Communication and Content Creation. Therefore, we see a need
for future studies to evaluate the validity of the results of the current study by trian-
gulation while using other methods to characterize students’ digital competence. It is
also noted that assessment of digital competences appears to have logical links to
computer-based assessment, since demonstration of task-based performance of digital
competence is most reasonably done in digital environments. Computer-based assess-
ment of problem solving skills has been used by the PISA test since 2006, and more
recently in 2015 PISA began assessing collaborate problem solving skills using virtual
computer agents [19]. Thus, the assessment of digital competences in a computer-based
environment seems to be feasible and warrants further study.

Nevertheless, the instrument developed in the current study is an important first
step towards understanding the learning opportunities offered by smart technologies in
science and mathematics classrooms. It provides an essential overview of how students
are currently using smart devices. The next step is to integrate data collection tools in
smart devices so that automatic data collection can serve approaches for learning
analytics and support students in improving their digital competence. A better under-
standing of students’ digital competence will help facilitate quicker uptake of
computer-based science resources such as those provided by the Go-Lab project [12].
Initial results of implementing Go-Lab science scenarios on Wi-Fi enabled tablets have
shown positive results [13].

5 Conclusion

In conclusion, a self-report questionnaire was developed, pilot tested, refined and is
now ready for large-scale implementation. The instrument surveys how often students
use a smart device to perform a digitally competent activity in four differing contexts.
The contexts relate to in school and out of school learning of science and mathematics,
as well as a context about using smart devices outside of school for activities not related
to school learning. The results of a pilot study with 173 students from the 6th and 9th

grades were analyzed to select which items from the DIGCOMP framework are best
understood by school-age children. Implementation of this instrument on a large scale
will allow us to accurately determine how often, in which ways and for what digital
competent activities students use smart devices. Moreover, it is expected that data
analysis of large-scale data will reveal which background characteristics of students
best explain their smart device use.
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